INTRODUCTION
Patients suffering from cardiac arrest must be treated immediately using algorithm-based management such as basic life support (BLS) and advanced life support (ALS). International resuscitation guidelines stress the importance of diagnosing and treating any factor that may have caused the arrest or may be complicating the resuscitative effort (1) (2) (3) (4) . These guidelines recognize ultrasound to be of potential value in this process.
Peri-resuscitation ultrasound may be useful to identify treatable causes such as pericardial tamponade, cardiogenic shock, myocardial insufficiency, signs of pulmonary embolism, or hypovolemia (5, 6) . Moreover, it may differentiate between false and true pulseless electrical activity (PEA), a pulseless state respectively with or without any cardiac contractions. Detection of cardiac activity on ultrasound may be an early sign of return of spontaneous circulation (ROSC) and is a good predictor of survival (7, 8) .
Previous studies have demonstrated the feasibility of the application of ultrasound during in-hospital and out-of-hospital cardiopulmonary resuscitation (CPR) (9) . Integrating it in current ALS algorithms is achievable while maintaining strict protocol adherence (10) .
Although the added value of ultrasound in ALS has been suggested, the question remains how it affects patient care and decision-making in the specific 1 setting of a helicopter emergency medical service (HEMS). We sought to evaluate the use of prehospital ultrasound during traumatic and non-traumatic CPR and determine its impact on patient treatment in a Dutch HEMS.
MATERIALS AND METHODS

Design
We performed an observational study between February 2014 and November 2016. Ethical approval was obtained from the regional ethics review board of Arnhem/Nijmegen and they waived the requirement to obtain written informed consent (2014/112).
Recruitment and Setting
In The Netherlands, four physician-staffed HEMS are operational 24 hours per day, all carrying a portable ultrasound machine. They are supplemental to a highquality network of paramedic-staffed ground ambulances. The Nijmegen HEMS is stationed at the Volkel Air Force Base, covering an area of approximately 10,000 square kilometers, servicing a population of 4.5 million. Every physician is trained to perform an extended focused assessment with sonography for trauma (eFAST) examination and basic echocardiography. In recent years, our HEMS conducted on average 2341 missions, increasing yearly by 13%. Typically, ground ambulances handle the majority of the resuscitations. However, on their or the dispatch center's request, the HEMS aids in approximately 200 resuscitations including 50 children (< 18 years of age) yearly.
We included every patient that underwent CPR with concurrent echocardiography performed by our HEMS for which a dedicated case report form (CRF) was completed. Exclusion criteria were the discontinuation of CPR or an indication to perform immediate thoracotomy in the case of a (single) penetrating chest injury with loss of circulation no longer than 10 min.
The HEMS database that holds a record of every mission and every patient treated was examined to describe the base population, of which this study's population is a subset.
Protocol
We used two different portable ultrasound machines during the study: a NanoMaxx and a MicroMaxx machine (FUJIFILM SonoSite Inc., Bothell, WA, USA) both equipped with a 5-1 MHz broadband phased array cardiac transducer.
Physicians were requested to treat the cardiac arrest patients in the usual way. ALS protocols with minimal interruptions of chest compressions had to be respected. Priority had to be given to heart rhythm analysis and defibrillation, establishing IV access, administration of drugs and IV fluids, securing the airway, adequate ventilation, release of (suspected) tension pneumothorax, stopping any life-threatening bleeding, and treatment of other possible reversible causes.
After these interventions, or concurrent when enough caregivers were available, HEMS physicians were requested to perform an ultrasound examination of the heart and pericardium through a sub-xiphoidal view at pre-defined moments in the ALS algorithm. The physician prepared the examination by positioning the ultrasound probe in the subxiphoidal region with an estimated optimum location, probe angle, and machine settings while continuing compressions.
The physician performed the first examination as soon as possible after arrival on-scene, then after every 5 2-min cycles of compressions, and finally, right after return of spontaneous circulation (ROSC) or when considering the termination of CPR, as suggested by Breitkreutz et al. (5) .
The timing of echocardiography had to be in the same window where chest compressions are interrupted to allow for heart rhythm analysis. Interruption of chest compressions had to be kept to a minimum. The algorithm of the American Heart Association (AHA) emphasizes the minimization of the duration time of the interruptions to stay (well) below 10 sec (3). The European Resuscitation Council (ERC) states the entire process of defibrillation should be achievable within a 5-sec interruption (1) . We instructed the participating physicians to respect the latter timeframe.
Additional ultrasound examinations of the chest and abdomen were performed depending on the discretion of the physician, but without interrupting chest compressions.
Data Processing
If time allowed, the flight nurses recorded on-scene data simultaneous with every ultrasound examination: time, heart rhythm, palpable pulse, end-tidal CO 2 , and the physician-reported ultrasound image quality and global myocardial function.
The CRF, specifically designed for this study, was filled out by the physician after return to base. Data recorded were: (estimated) time of cardiac arrest, start of BLS, initial observed heart rhythm, occurrence and timing of ROSC or termination of resuscitation. Additionally, we recorded ventricular dimensions, pericardial fluid, other findings on ultrasound, impacted decisions, the location where ROSC occurred or the team terminated CPR (e.g., during transport or inhospital). We scored the perceived ease of the entire procedure on a 1-10 numeric rating scale (NRS) where 1 = extremely difficult and 10 = extremely easy. We encouraged the HEMS-personnel to enter additional free text to supplement or clarify the data. As part of regular operations, an electronic record is created on every mission and treated patient. Records are stored in the custom-made HEMS database stored on a secure server and backed up daily. We linked the CRFs to the database by mission ID and we extracted additional relevant data: date of birth, sex, estimated body weight, and cause of the cardiac arrest.
Data Analysis
We entered the data from the forms and relevant data from the database into a Castor database (Ciwit B.V., The Netherlands) for secure storage and to comply with good clinical practice standards. After data acquisition was complete, we used IBM SPSS Statistics for Windows, version 22.0 (IBM Corp., Armonk, NY, USA) for analysis.
Statistical Analysis
We report normally distributed data as mean +/− standard deviation (SD), and data with a skewed distribution as median with an interquartile range (IQR). We used Tukey's hinge technique to determine the IQR. Spearman correlation coefficient was used to qualify the relationship between body weight and image quality and the reported ease of the procedure. We considered statistical significance at a P value < 0.05.
RESULTS
Patients' Characteristics
Between February 1, 2014, and November 30, 2016, our HEMS performed 6694 missions in which we treated 3,229 patients. HEMS physicians performed echocardiography during CPR according to study protocol and included 56 patients. A Consort diagram of the study population is displayed in Figure 1 . Demographics are displayed in Table 1 .
Cardiac Arrest
The causes of cardiac arrest are described for 2 age groups (under and over 18 years) and displayed in Table 2 . The median delay starting BLS after the (estimated) occurrence of cardiac arrest (n = 50) was 2.5 min (IQR 0-8.25). CPR continued for a median of 32 min (IQR 23-50). The first ultrasound examination was performed 28 min (IQR 20-39) after the arrest.
ROSC occurred in 14 patients (25%). In 9 patients (16%) ROSC occurred on-scene, in 3 (5%) during transport and in 2 (4%) in the emergency department. Hence, in 42 (75%) patients, circulation never returned. ROSC occurred in 4 of 11 children (36%).
In some, ROSC occurred only temporarily and eventually, the team terminated resuscitation. Overall, 36 (64%) died on-scene, 12 (21%) at the ED and 5 (8%) within 1-4 days after admittance. The latter group suffered from choking (n = 2), a cardiac event (n = 1), and sudden infant death syndrome (SIDS) (n = 2). Three patients (5%) survived and suffered from choking (n = 2), and a cardiac event (n = 1).
Ultrasound
102 Ultrasound examinations were documented in 56 patients. Image quality was reported good (n = 60, 59%), moderate (n = 30, 29%) or poor (n = 12, 12%). The reported ease of the entire procedure (n = 40), comprising of one or more ultrasound examinations, was a median of 7 (IQR 5.50-9.00). In adults, image quality and ease of examinations were weakly negatively correlated to body weight, respectively r = −.381 (r 2 = 0.145; p < 0.001) and r = −.347 (r 2 = 0.120; p = 0.045), as displayed in Figure 2 .
Diagnoses made with echocardiography are displayed in Table 3 . Additional ultrasound findings of chest and abdomen were pneumothorax (5 patients, 9%), pleural cavity free fluid (2 patients, 4%), intraperitoneal space free fluid (4 patients, 7%), collapse of the inferior vena cava (1 patient, 2%) and other (fractured spleen, hypertrophic ventricle, absent lung sliding because of esophageal intubation; 3 patients, 5%).
Impacted Treatment Decisions
In 49 patients (88%) treatment decisions were impacted or supported based on ultrasound. In 32 patients (57%) ultrasound led to or supported the decision to terminate the resuscitative effort. In 21 patients (38%) it was indicated that at least once (in 29 of 102 examinations (28%)) ultrasound supported the continuation of resuscitation.
Of 102 ultrasound examinations, 62 (61%) impacted or supported management decisions. One examination may have led to multiple changes; 78 impacted decisions were recorded. The number of impacted decisions does not include 29 examinations where physicians reported continuation of resuscitation was influenced by ultrasound. This is not considered impacted treatment, but apparently echocardiography was perceived to have played a role in decision-making. All reported decision changes are displayed in Table 4 .
DISCUSSION
The main finding of the study is that in 88% of patients' ultrasound guided resuscitation influenced or supported treatment and other decisions. Most frequently reported were termination or continuation of resuscitation and increasing the infusion of IV fluids. This could be expected because prehospital ultrasound may yield information about conditions that are difficult to diagnose by other means during ongoing CPR. These findings suggest that ultrasound can be useful in guiding prehospital CPR management. This study confirms the findings of previous studies that have shown that ultrasound can lead to treatment changes. Recently, O'Dochartaigh et al. reported that 25% and 45% of prehospital ultrasound scans supported interventions in trauma and medical patients, respectively (11) . The type of ultrasound findings and interventions reported in our study were similar. Breitkreutz et al. showed altered management in 66% of patients subjected to prehospital peri-resuscitation ultrasound and in 89% of patients undergoing CPR (6). Shokoohi et al. showed changes in management on the ED in undifferentiated hypotension varying between 11.9 and 30.5% for changes in treatment, diagnostic imaging, consultation, and admission location (12) . Our observations have added new insight into the role of ultrasound in the specific prehospital population that is being resuscitated by ground ambulance personnel supported by HEMS physicians and nurses.
Strengths and Limitations
The strength of this study is the specific setting in which it has been conducted, which contributes to its originality. These findings might be applied to the more homogeneous team settings across European HEMS. Conversely, it may be difficult to apply these findings to non-physician-staffed HEMS, such as most U.S. services.
Carrying out a prospective study in a physicianstaffed helicopter emergency medical service, especially in a CPR scenario, is challenging. Many external factors will influence the mixed team of health care workers and the patient and its environment. Working space and resources are often limited, time pressure is high, and personnel perceive pressure to perform. Furthermore, they are working in surroundings and with colleagues with whom they are often unfamiliar.
The design and specific setting of the study introduce several limitations. We performed echocardiography only in a limited number of cardiac arrest patients. An explanation could be that in our prehospital setting, with a considerable proportion of trauma victims, the quality of ALS is vulnerable to the influence of previously identified unfavorable factors, such as emotional and physical stress of the caregivers, time, and environmental factors. In our operation with its heterogeneous case-mix and within a limited amount of time, essential assessments and actions take precedence over ultrasound. Furthermore, we do not use ultrasound by default (yet) in every patient, let alone in every cardiac arrest case. Therefore, the ultrasound machine is not always brought to the incident site initially. Still, when it is present on-scene, it is not always used. A common scenario is that shortly after arrival on-scene either ROSC occurs or the ground ambulance team has already decided to terminate the resuscitation. Thus, there has not been any opportunity for echocardiography during CPR. Also, we might have omitted to use ultrasound because the cause of cardiac arrest was obvious or further treatment was deemed futile (e.g., a major injury with extensive blood loss). A major limitation is the high number of missing CRFs. We speculate that some of the reasons might be nonadherence to the protocol, a lack of time due to subsequent missions, or plain forgetfulness. Another could be the dismissal of the entire procedure due to poor image quality, or the impression the scan contributed nothing to patient management. As a result, this might have introduced bias and possibly have led to over or underestimation of overall image quality and impacted decisions.
Unfortunately, in our operation, it is not possible to bring an independent observer on-scene. Therefore, ultrasound images could not be independently reviewed. Also, the impact of ultrasound on patient management was self-reported by the physicians after return to base. This could not be reported more objectively and might introduce bias. For instance, the effort physicians are making to perform echocardiography might make them more inclined to find utility. Or, the delay before the form is filled and other interventions performed in the meantime, might make the physician underestimate any added value when finally filling out the CRF.
The most frequent impacts on management were termination or continuation of resuscitation and increasing the infusion of IV fluids. Although it sometimes appears the obvious choice to terminate resuscitative efforts, this decision is preferably supported by the entire team and is complex and multifactorial (13) . The knowledge that sonographic cardiac standstill, in stark contrast to coordinated cardiac activity, predicts very poor (if any) survival improves the process of making a decision (7, 8, 14) . We speculate this explains the number of times ultrasound supported termination of treatment, although not every observed cardiac standstill justifies this immediately. Additionally, displaying the cardiac activity (or the lack thereof) can be of great value while explaining the prognosis and its implications to relatives and caregivers.
Any positive sign of cardiac activity on ultrasound is encouraging to continue resuscitation (7) . However, there can be many other reasons to continue such as improvements of the electrical cardiac activity or exhaled CO 2 concentration. Therefore, we did not include the continuation of resuscitation in the overall amount of changes per patient. Nevertheless, also in this scenario ultrasound has provided additional value to the decision-making process.
Besides providing valuable information about the heart and pericardium, ultrasound in this specific setting is useful detecting unintentional bronchial or even esophageal intubation (leading to hypoxia), (tension) pneumothorax, and causes of hypovolemia such as intraperitoneal bleeding or hemothorax (15) (16) (17) (18) . This is reflected in the variation in affected treatment decisions.
We reported the ease of performing ultrasound examinations concurrent with CPR to be a median of 7 and there is a negative but weak correlation to body weight. Thus, prehospital cardiac ultrasound performed by HEMS physicians is not perceived to be difficult. Besides the suggestion that body weight complicates ultrasound examination, many other factors may make visualization of the heart more difficult such as environmental factors, sunlight, the presence of clothes, and operating in the tight confinement of an ambulance. Significant difficulties with accessibility or visualization could have resulted in no ultrasound examinations being made at all, so this score may be biased.
Overall, most frequently reported impact is stopping or continuing treatment, and increasing fluid administration. This is based on the most obvious echocardiographic findings: standstill, contractions, or poor filling of the heart.
This study provides an informative overview of ultrasound and cardiac arrest in a Dutch HEMS setting and it shows that prehospital ultrasound may be of value during CPR. It supports management in the majority of cases and, therefore, we suggest for every comparable HEMS to consider bringing an ultrasound device to cardiac arrest scenarios. On-scene it can then be determined if it is indeed feasible and justifiable to use it.
Because the present study was not designed to determine any effect on outcomes, we were unable to determine the effect of prehospital ultrasound on outcome and survival of resuscitation in our population. Hence, a future randomized experiment might add to our current knowledge regarding the value of ultrasound during CPR. However, such a study will probably be deemed unethical by our HEMS physicians, since they began regarding ultrasound as an essential diagnostic tool.
CONCLUSION
In a physician-staffed HEMS, it is feasible to perform echocardiography in prehospital cardiac arrest. It impacts patient management decisions and may be a useful diagnostic tool to support decision-making in ongoing CPR. Most frequently, ultrasound imaging was used to support the decision to terminate the resuscitation.
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